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FOREWORD 

This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized 
by the Rotating Machinery Sectional Committee had been approved by the Electrotechnical Division Council. 

This guide has been prepared with a view to provide guidance for selection and use of carbon brushes for 
di£ferent electrical rotating machines. 

This revision has been undertaken to delete the reference to brush grades and the information on the carbon 
brush manufactmers included in the earlier version. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, 
observed or calculated, expressing the result of a test or analysis shall be rounded off in accordance with 
IS 2 : 1 960 'Rules for rounding off numerical values (revised) ' . The number of significant places retained in the 
rounded off value should be the same as that of the specified value in this standard. 
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Indian Standard 



GUIDE FOR SELECTION AND USE OF CARBON 
BRUSHES IN ELECTRICAL ROTATING MACHINES 

( First Revision ) 



1 SCOPE 

This standard provides guidance for selection and 
use of carbon brushes for application in electrical 
rotating machines. 

2 REFERENCES 

iu€ lOiiOwiug luuian otanuatds are necessary 
adjuncts to this standard: 

ISNo. Title 

Mil : 1992 Rotating electrical machines {first 

revision) 

13466:1992 Specification fiar brushes for electrical 
machines [superseding IS 3003 
(Parts3and4):1977] 

13584 : 1993 Specification for brush materials for 
electrical machinery 

13586: 1993 Definitions and nomenclature for 
carbon brushes, brush holders, 
commutators and slip-rings for 
rotating electrical machinery 

14376 : 1 996 Brush holders for electrical machines 

3 TERMINOLOGY 

For the purpose of this standard, definitions given in 
IS 13586 shall apply. 

4 GENERAL 

4.1 The selection of a suitable grade of brush for a 
particular application is very vital from the point of 
view of reliability and trouble-free service since the 
damage caused by a wrong choice of brush ultimately 
may prove very costly. 

4.2 Recommendation of suitable brush grades for a 
particular electrical machine is the responsibility of 
the machine manufacturer. 

NOTE — Users should not nonnally introduce new brash 
grades without consulting the machine manufacturer. 

5 USE OF BRUSHES 

The carbon brushes are extensively used in dc motors, 
dc generators, ac synchronous and asynchronous 



machines, ac commutator machine, amplier dyres and 
starters used in amplidynes and starters used in 
automobiles. 

6 BRUSH SELECTION 

6.1 For brush selection, IS 13466, IS 13584 and 
IS 13586 should be referred to. 

6.2 Characteristics of Carbon Brushes 

6.2.1 Contact Voltage Drop 

The figures of contact voltage drop between rotating 
commutator/slip-ring and the brushes are generally 
stated by the brush manufacturer at normal current 
density recommended for the brush. The high 
contact resistance assists in commutation by decreasing 
the circulating current in the coils that are shorted by 
the brushes. On machines that have difficulty in 
commutating, higher contact voltage drop brush grades 
are usually necessary to minimize or eliminating 
sparking. Higher than necessary contact drop reduces 
machine efficiency. 

6.2.2 Specific Resistance 

The specific resistance of a brush material has a much 
smaller influence in determining the ciurent carrying 
capacity of a brush than the contact drop, coefficient 
of friction and thermal conductivity of the material. 
Measurement of specific resistance is more usefiil fix)m 
the point of view for uniformity of quality of carbon 
grade. 

6.2.3 Co-efficient of Friction 

Lesser co-efiicient of friction is better since it will give 
low wear of brush and also of commutator or slip-ring. 

6.2.4 Current Density 

Different grades of brushes have different values of 
rated current densities for satisfactory operation. 

6.2.5 Mechanical Shocks and Vibrations 

Strength of brush grade is an important factor to be 
considered when selecting brush grades for such 
applications as traction motors, reversible roUing mill 
motors, train lighting generators, etc, which are 
subjected to mechanical shocks and vibrations in 
services. In such cases, it is often necessary to use 
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specially resin impregnated brushes or brushes with 
highertransverse strength. 

6.2.6 Hardness 

It is the elastic property of the material. It determines 
the 'riding' ability of the brush over the collector 
surface. The higher the shore hardness, the lesser 
will be its ability to maintain intimacy with the 
collector surface. The brushes with higher shore 
hardness, because of their compratively lower 
elasticity, tend to bounce more on commutators 
having surface irregularities, eccentricity and ovality. 

6.3 Constructional Features 

The choice of radial, trailing and reaction brushes 
should be made according to the guidelines given 
in 6.3.1 to 6.3.5 {see also Aimex A). 

6.3.1 Radial Brush 

Most commonly used on reversible machines. 

6.3.2 The brushes with contact level angle are used 
for better mechanical stability and increased arc of 
contact. These may be trailing or reaction brushes or 
a combination of both. 

6.3.2. 1 The trailing brushes, preferably in tandem, are 
most suitable for large unidirectional machines. The 
trailing angle maybe 7.5 to 15 degrees. 

6.3.2.2 The reaction brushes are normally fitted on 
large heavily loaded machines nmning continuously 
for long periods. If used on reversible machines angle 
should be large say 22.5 to 30 degrees. 

6.3.2.3 In the case of special rolling mill drives, a com- 
bination of trailing and reaction brushes in a ' V shape 
at a suitable angle are used. 

6.3.3 Insulated Resilient Top Brushes 

Wear due to passage of current at the point where the 
pressure finger bears against the brush top and wear 
of the pressure figner pivot may be prevented by the 
use of insulated resilient top brush. Fibrous 
materials bonded with resilient materials like rubber 
are used for insulating the tops of brushes. Resilient 
insulated top also enables shock absorption 
ensuring better riding abihty. 

6.3.4 Split Brushes 

In the case of split brushes, two or more brushes are 
fitted into one brush box and acted on by a common 
pressure finger. This arrangement allows a hmited degree 
of independent movement between two or more brush 
halves which enables them to ride over commutator 
irregularities and increases the effective contact. 



6.3.5 Sandwich Brush 

A sandwich brush is made up from two or more 
parallel layers of brush material bonded together as 
shown in Fig. 1 . The bond line is at right angles to 
the brush 't' dimension. Each part has separate 
flexible connection. The parts are of the same grade 
of material, but are not necessarily of equal thickness. 
The bond between the parts can be with a suitable 
adhesive or with an insulation sheet having 
polishing capability. Due to machine characteristics 
and in abnormal service conditions, excessive 
collector skin build-up or commutator segment 
blackening can take place. Under this situation 
cleaning action of the bonding layer can control the 
collector surface. These brushes are particularly reco- 
nunended for use on difficult commutating machines 
such as amplidyne and ac commutator motors of high 
bar to bar voltage creating circulating currents 
between the commutator bars under the brushes. 




OND 



Fig. 1 Sandwich Brush with Same Material 
6.3.6 Composite Brush 

The composite brush is of similar construction as the 
sandwich brush, but with a difference that it is made 
of layers of different grades of materials, as shown 
in Fig. 2. The combination of different grades gives 
hybrid contact drop characteristics not obtainable from 
a single grade brush. This can be used to improve 
commutation. The problem of unstable friction with 
electrographite grades, particularly under low load 
conditions can be overcome with a combination of 
EG with natural graphite or special resin impregnated 
grades. As in the case of sandwich brush, the 
circulating currents between the commutator bars 
under the brushes can be reduced with the use of 
composite brush, and with polishing ability of the 
bonding layer collector surface skin can be controlled. 

6.4 Operating Conditions 

6.4.1 Current Density 

Size and grade of the brush is selected based on the 
machine rating since different brush grades have 
different current densities. 
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Fig. 2 Composite Brush with Two Different 
Grades OF Materials 

6.4.2 Speed 

No matter how high the standard of design, construction 
and maintenance maybe, no commutator or slip-ring 
surface can be free from geometric irregularities, 
namely, ovality, eccentricity, high/low surfaces and 
flats. As the machine speed increases, effect of these 
amplify and affect riding of the brushes. The brush- 
holder spring pressure mechanism may not be able to 
respond, particularly to the high frequency vibrations, 
therefore, resilience and damping are required to be 
provided by means of brush construction and 
selecting a suitable brush material with elastic 
property. Generally for high surface speed 
applications lower specific density and softer brushes 
perform better, 

6.4.3 Duty Cycle 

Light loading of the machine may lead to threading 
on the commutator and slip-ring surface, and copper 
drag on the commutator surface. It also restricts film 
formation and increase brush wear. Overloading of 
the machine for long duration may create problems 
such as overheating, higher sparking and excessive 
wear of brushes, commutator and slip-ring. With rapid 
current and speed changes satisfactory operation of 
brush may become difficult. 'Intermittent duty cycle 
may permit use of brushes grades at higher than 
normal current densities. Long off -periods may 
require an abrasive grade of efficient starting 
capability. Sudden overloads and heavy current-surges 
will require a very porous/open structure grade and 
ability of rapid recovery of collector surfaces. 

6.4.3.1 Typical load applications (duties) are as 
follows: 



a) Continuous susta- 
ined full load 



b) Intermittent load- 
ing, rapid rise in 
speeds 



Induction motors, syn- 
chronous motors, paper 
mill ac drives and 
chemical plant drives. 

Auxiliaiy drives of mills. 
Slip-ring induction 
motors. 



c) Heavy shock load 
followed by no-load 
very heavy starting 
current for short 
duration followed 
by sustained rated 
currents in one dir- 
ection, no-load or 
reverse currents in 
the other direction 

d) Frequent and sudd- Mill duty reversible 
en reversion loading motors. 



Motors and generators 
of rolling mills, motors 
of E. O. T. cranes, auto- 
mobile starter motors, 
traction machines and 
train lighting genera- 
tors. 



e) Widely varying 
speed and load 



Traction duty machines 
and rolling mill motors 
which have to operate 
under a very wide oper- 
ating zone, with current 
and speed varying 200 
to 800 percent of the 
rated values. Therefore, 
brush grades for such 
duty should have a 
wide range of commuta- 
ting ability. 

6,4,4 Environmental Conditions 

The dust, high or lowiiumidity and fiimes which may 
corrode the commutator are factors that should be 
considered for selection of optimum brush grade. If 
conditions are such that excessive film thickness is 
developed, a brush with a more cleaning action is 
normally required. On the other hand, a brush with 
more film forming ability may be required for low 
humidity or other conditions when insufficient 
commutator film is maintained. 

6.4.4.1 The rotating machines may have to operate 
under different environmental conditions as given below: 



a) Dry, hot and cold 
climate and dusty 
atmosphere 

b) High humidity and 
corrosive chemical 
fumes 



Cement mill drives, 
rolling mill drives, 
traction motors and 
excavator machines. 

Paper mill drives, 
chemical plant drives 
and textile mill drives. 



c) High humidity Power stations. 

d) Rarefied conditions Machines used in 

aircraft and sub-zero 
temperature application. 

6.4.5 Machine Ventilation Conditions and Cooling 
Factors 

The machine ventilation conditions and cooling 
factors should also be considered while selecting the 
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brushes particularly in regard to current density, 
coefiTicient of friction and contact voltage drop. 

7 FACTORS AFFECTING BRUSH 
PERFORMANCE 

7.1 The factors which affect the performance of the 
brush are given below: 

a) Design parameters of a machine; whether 
electrical, magnetic or mechanical unbalances 
exist or not; and whether the design constants 
approach the limit values or not. 



b) Interval between 
operations. 



major maintenance 



c) Maintenance which the machine requires 
and gets. 

d) Commutating ability of brushes. 

e) Duty cycle to which the machine is subjected. 

f) Environmental conditions, temperature, 
humidity, atmospheric contamination by 
gases or dust under which a machine is 
working, oil land dirt on the commutator 
or slip-ring surface. 

g) Current collecting ability of brushes and 
distribution of current between brushes. 

h) Electrical and frictional losses during opera- 
tion responsible for heating of brushes and 
commuter or/slip-ring. The frictional losses 
are dependent of the speed and brush pres- 
sure of the machine. 

j) Brush holder design. 

k) Brush design including flexibles and fittings. 

ni) Brush vibration due to the ovality of comm- 
utator/slip-ring, stick slip phenomenon and 
external shocks. 

n) Tolerances on inherent characteristics of 
brushes. 

p) Type of power supply for motors. 

q) Brush bedding. 

i) Commutator/slip-ring material. 

7.2 Design Parameters 

Satisfactory performance of the brushes depends upon 
soundness of the machine design, and design 
margins available on electrical, magnetic and 
mechanical parameters. 

7.3 Maintenance of the Machine 

It is veiy important to identify the maintenance schedule 
which the machine requires, and its strict compliance. 



7.4 Brush Gear 

Brush holder and brush design including flexible, 
fitting and brush to brush-holder connection 
arrangement are important aspects for the brush 
performance. Brush grade, sizes of brush and brush 
box on the brush-holder, and the value of spring 
pressure should be as per the design and 
specification. If the brushes are not properly bedded, 
current collection and commutation cannot be 
satisfactory. 

7.5 Clearance Between Brush Holder Box and Brush 

Due to sudden change of speed of the machine the 
brush is thrown against the side of the brush holder 
box. If the clearance between brush -holder box and 
brush is high, this may result in chipping of the brush 
contact face. Recommended values of the clearances 
are given in Table 1. 

Table 1 Clearance Between Brush Holder Box 
and Brush 



Nominal 


Brush Holder to Brush Clears 


ince (mm) 


Values 


Max 




Min 


1.6 


144 




44 


2 








2.5 








3.2 


158 




50 


4 


178 




50 


5 








6.3 


193 




55 


8 








10 








12.5 


232 




72 


16 








20 


254 




80 


25 








32 


300 




100 


40 








50 









7.6 Effect of Aerodynamic Pressure 

At high speeds, the brush tends to get lifted and 
reduce brush pressure due to air pressure acting 
upwards. For such machines brush grade should be 
porous. Also split brushes with slight clearance 
between adjoining surfaces in the form of groove along 
the length of the brush would be helpful. 

7.7 Load Sharing Between Brushes 

The load sharing between the brushes, connected in 
parallel on a brush arm, is affected by: 

a) brush pressure, 

b) contact voltage drop. 
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c) brush resistance, and 

d) pig-tail connection voltage drop. 

A variation in these characteristics among different 
brushes would lead to different load sharing and 
result in sparking and unequal wear. 

8 ASSESSMENT OF BRUSH PERFORMANCE 

When judging the operation of brushes the various 
points should be taken into consideration as 
mentioned below; 

a) Wear, chipping, break and chattering of 
brushes; 

b) Wearofcommutator/slip-ring; 

c) Noiseless operation of brushes; 

d) Burning and fraying of flexibles; 

e) Intensity of sparking at the bru<;h contact 
surface {see IS 4722); 

f) Teraperature-rise of brushes, commutator/ 
slip-ring and brush holder; 

g) Type of film formed by brushes on commut- 
ator/slip-ring (see Annex B); 

h) Copper dragging of commutator segments due 
to brushes (see Annex B); 

j) Blackening of commutator (see Annex B); and 

k) Other factors shown on commutator, such as 
serrations, grooving, burning of commutator 
segments and bar marking. 

9 FAULT ANALYSIS AND REMEDIAL MEASURES 

9.1 The commutator check chart which illustrates the 
film formation and performance of electrical machine 
is given in Annex B. By comparing the surface 
condition with check chart, it is possible to adopt 
remedial measures given therein, 

9.2 The common terms used for the commutator sur- 
face and commutator film are given in Fig. 15 (see 
Annex B). 

10 RECOMMENDED PROCEDURE OF 
ESTABLISHING THE BRUSH GRADE 
FOR THE MACHINE 

10.1 General 

10.1. 1 Machine manufacturer usually consults brush 
manufacturer for his recommendation for a suitable 
grade for existing machine, by fiimishing the minimum 
essential details as per technical questionnaire included 



in Annex A. Brush manufacturer based on this and 
the tests given in IS 1 3584 gives recommendations to 
the machine manufacturer regarding the brush grades 
to be adopted. This questionnaire can also be used 
by the users and the machine manufacturers to 
obtain assistance in diagnosing any cause of difficulty 
on the existing machine. 

10.1.2 Based on the suggestions of the brush 
manufacturer, commutation tests on the machine for 
which grade selection is under consideration or a similar 
electrical machine, or the brush performance data 
available for a similar machine, the machine 
manufacturer selects a suitable brush grade. 
However, in case of doubt, it is desirable to prove 
suitability of this grade by actual service trial before 
its adoption in bulk, for selection and field evaluation 
of a brush grade cooperation between machine 
manufacturer, brush manufacturer and the machine 
user is essential. 

10.2 Black Band Test 

10.2.1 During the tests for selection of carbon grade, 
the black band curves should be taken with new grades 
and established grades on the same machine at the 
premises of machine manufacturer or machine user. 

10.2.2 This test is basically meant to find the interpole 
strength, however, it also gives an idea for the width 
of band for a particular brush grade since the width 
of band will vary for different grades. 

10.2.3 Circuit diagrams for the black band test are 
given in Fig. 3 and Fig. 4. 

10.2.4 Motors which are tested at a specified speed 
should have their fields set for full load and the field 
kept constant, the speed being maintained constant 
by variation of the armature voltage since varying the 
interpole field affects the speed also. 

10.2.5 Load the machine to about 25 percent MlJoad, 
and connect the booster across the interpoles. A 
suitable range voltmeter also to be connected across 
the interpoles. Now increase the booster excitation 
and note whether the interpole voltage increases or 
decreases. If the voltage increases the interpoles are 
being boosted and if the voltage decreases, the 
interpoles are being bucked or diverted. Make a carefiil 
note of these conditions and the manner in which the 
booster controls are operated to produce them. 

10.2.6 Assuming that the machine is not sparking, 
adjust the interpole strength by means of booster until 
the sparking is just visible. Also check whether this 
condition is boosting or diverting and record the load 
current and booster current. Then reverse the booster 
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SERIES FIELD 
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® 



dc SOURCE FOR BOOST 
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■O- 



SUPPLY 



NOTE — At site a mechanical load in place of the loading generator G may be used. 

Fig. 3 Circuit Diagram for Black Band Test 




Fig. 4 Circuit Diagram for Black Band Test with Regenerative Method 



current and again adjust till sparking is just 
appearing. Again note the values of load current and 
booster current. For the particular value of the load 
current there will, therefore, be two values of the booster 
current at which the sparking is just visible. These 
two values of the booster current may be both in boosting 
or one boosting and one bucking or both in bucking. 
Determine a number of pair of booster current values 
for a number of load currents over the working range 
of the machine. The booster currents may then be 
expressed as percentages of appropriate load currents 
and plotted as function of the load currents. 
Different types of black band curves are shown in 
Fig. 5. 

.10.2.7 The black band test gives the indication of 
proper grade of carbon brush and the brush giving 
maximum wide band should be preferred. 

10.2.8 For variable speed machines the black band 



test should be carried out at base as well as at top 
speeds. 

10.3 Recommended Procedure for Carbon Brush 
Field Trials 

10.3.1 Field trails enable to prove the suitability of 
the known brush grades under the actual service 
conditions. The field trials are normally conducted 
with both estabhshed and new brush grades on a like 
number of the machines of the same type working at 
the same place under similar operating conditions. 
In case of traction machines trial with established and 
new brush grades should preferably be conducted on 
the machines of the same or same type of locomo- 
tive/railway coach. Dififerent brush grades should never 
be mixed on the same machine. 

10.3.2 The commutator or slip-ring quality, if present 
on the trial machines, should first be brought within 
acceptable limits. If the commutators are true, their 
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Fig. 5 Types of Black Bands 



oxide film should be removed by stoning/skimming 
before commencement of trials. The diameters and 
ovality should be measured before and after trials in 
order to assess the extent and nature of commutator 
or slip-ring wear. 

10.3.3 The resistance between the pig-tail and 
carbon joint should be measured before and after 
trials preferably by means of a low resistance 
measuring bridge (ducter set). The maximum value of 
connection voltage drop shall not be more than the 
values specified in 18.8 of IS 13488. 

10.3.4 The dimensions of the brushes should be 
measured and recorded. The height of each brush 
should be accurately measured and recorded. The height 
of each brush should be measured only after 
bedding for the correct evaluation of wear. Spring 
pressures should be adjusted to the recommended 
values on all trial machines at the time of fitting the 
new brushes. The change in spring presssure at the 
end of trials should be recorded. The clearance 
between brush-holder and conunutator or slip-ring 



surface should be checked and uniformity adjusted 
under all the brush-holders to the machine 
manufacturer's specified values. 

10.3.5 The physical condition of brushes, or slip-rings 
or commutators regarding breakage, chipping, cracks, 
fraying or looseness of pigtails, any stoving marks 
on commutator or slip-ring surface colour and type of 
film formed should also be observed. Figures 16 and 
17 given in Annex B will serve as a guide in the 
examination of commutators. Wherever possible, the 
commutation should also be checked and grade of 
sparking recorded for all trial machine. The various 
grades of sparking should be followed as given in 
Annex B of IS 4722. The check should be made under 
identical load conditions and as far as possible at the 
same time. 

10.3.6 The initial observations of the brushes may 
be recorded in the proforma given in Annex C. 

The observations during and at the end of the trial 
may be recorded in the proforma given in Annex D. 
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ANNEX A 
{Clauses 6.3 and 10. \.\ ) 
TECHNICALQUESnONNAIRE 

A-1 Technical questionnaire for users of carbon brushes to provide the minimum essential details to enable the 
manufacturers to select a suitable brush grade for a new machine and to give assistance in diagnosing the 
cause of difficulty on a existing machine. 

A-2 READ BEFORE COMPLETING 

a) Where there is a line beside the text, give applicable information. 

b) Where no line is drawn, cross out words or figures which do not apply. 

c) The questions in CAPITAL LETTERS are of special importance. 
A-3 NAME AND ADDRESS OF THE BRUSH USER 

1. Maker of machine 

2. Maker's type 

3. Serial number 

4. dc/ac (30 or 10) Rectified current/Reversing/Non-reversing Generator/Motor 

5. Conversion dc/ac or ac/dc 

6. Speed(rpm) 

7. \bltage(V) 

8. Current(A) 

9. Power(kW) 

10. Application 

11. Duty cycle 

12. Frequency. Hz 

13. Nuiriber of main poles 

14. Commutating poles 

15. Compensating winding 

16. Excitation shunt/separate/series/compound 

17. Construction open/protected/totally enclosed 

18. Ambient temperature 

19. Relative humidity % 

20. Oilvapour 

21. Corrosive gases, if any 

72. Dust ...;.. 

23. W)rations 

24. Amount of shaft axial play. 

25. DIAMETER OF COMMUTATOR/RING FACE nun 

26. Lengthofcommutatorfece/widthofring inm 

8 
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27. Number of commutator segments 

28. IS MICA RECESSED? Yes/No 

29. MATERIAL OF RINGS 

30. Are the rings helically grooved? 

31. Are the rings situated between or outside the bearings? 

32. ARETHERINGSTOTALLYENCLOSED? • 

33. Are the brushes lifted when the machine speeds up? 

34. CURRENT PER RING A ac/dc 

35. Working tenqjerature of commutator/ring OC 

36. SURFACE CONDITION good polished/dull smooth/worn/threaded uniform/marked ( marking regular/ 
irregular/burnt )/colour ( light/medium/dark ) ( see also Aimex B-1 ) 

37. When was the commutator/ring last reconditioned? 

Date 

38. NUMBEROFBRUSH-ARMSPERCOMMUTATOR 

39. NUMBEROFBRUSHESPERARM 

40. NUMBERQFRINGS 

41. NUMBEROFBRUSHESPERRING. 

42. DIMENSIONSOFBRUSHFig.6and7f a r mm 

43. Dimensions of brush box ™n* 

44. The clearance between brush and brush box 

45. CONTACT BEVEL ANGLE a brush, 58e Fig. 8, 9, 10 

46. IS BRUSH DIVIDED ?&e Fig. 11, 12, 13, 14 

47. Arc all bruslies on each arm in line or arc they staggered circumferentially and by how much? 

48. Are the brushes staggered axially? Yes/No 

49. Brush spring force nominal daN(kgf) 

Adjustable Yes/No 

Range daN(kgQ 

50. MAKEANDCaiADEOFBRUSHArPRESEhrrUSED 

5L Average brush-life 

52. WHAT (IF ANY) TROUBLE IS EXPERIENCED? 

53. .^proximate annual lecpiirement 

54. If possible send a sample of brush now in use, preferably A WORN ONE or give a fully dimensioned 
sketch of brush and fittings similar to Fig. 15. 

Length Z- of flexible (Fig. 15) "™ 

Diameter of terminal JSxing screw. "™ 
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/ = Tangential Dimension 
a = Axial Dimension 
r = Radial Dimension 

Fig. 6 Brushes for Cylindrical Commutators 




/ = Tangential Dimension 
a = Axial Dimension 
r = Radial Dimension 

Fig. 7 Brushes for Cylindrical Slip-Rings 




Fig. 9 Trailing 




Fig. 10 Reaction 



Fig. 11 Single Box Single Finger Split Brush 



Fig. 12 Single Box Two Fingers Split Brush 



Fig. 13 Double Box Two Fingers Tandem Brush 



Fig. 14 Double Box Two Fingers Split Brush in 
Each Box 



INSULATED 



POSITION OF EXIT OF 
FLEXIBLE 

METAL OR INSULATED 

TOP, IF ANY . 

TOP BEVEL ANGLE B, %i 
IF ANY - ^* 




a CONTACT BEVEL 
ANGLE CC,IF ANY 



Fig. 15 Dimensions of Brush 
10 
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A]>JNEXB 

[ Clauses 8 (g), (h), (j), (k), 9. 1 and 10.3.5; and Annex A ] 

COMMUTATOR CHECK CHART 



B-0 GENERAL 



B-0.1 Symptoms of Machine Trouble and Their 
Remedy 

Table 2 is intended to act as a general guide to those 
difficulties which are most frequently experienced on 
electrical machines. It indicates the probable causes 
of these difficulties, but does not claim to inake a 
scientific diagnosis of the exact trouble on a given 
machine at a given time. This may only be done by an 
expert engineer 

B-0. 2 In order to use Table 2 first identify the 
symptoms the machine is displaying. The^ are listed 
out in a series of lettered lines at the top of the chart. 

B-0.3 Then trace the appropriate 'symptom' line down 
the vertical centre of the chart, stopping each time the 



line contains a dot At a point, level with the dot, the 
wording on the left side of the chart will indicate a 
probable cause for the symptom, while the wording 
on the right side will indicate an appropriate remedy. 

B-1 COMMUTATORFILM CHART 

B-1.1 As a fiirther guide to the performance of the 
machine, a commutator film chatt shown in Fig. 16 may 
be used. The commutator film chart shows the main 
patterns of film build-up on commutators, and 
indicates the type of brush/commutator interaction 
which gives rise to each pattern. This information may 
be useful on its own or as supporting evidence for 
the findings from the Table 2 . 

B-2 The common terms used for the commutator 
surface and commutator film are given in Fig. 17 . 
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TABLE 2 SYMPTOMS OF MACHrNE TROUBLE AND THEIR REMEDY 
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SYMPTOMS 



rM/ SERRATION AND GROOVINO OF COMMUTATOR OR SLIP R[MG 



jtflTOR WEAR -SURFACE SLACKENED 



as SLIP R!NG WEAR-8RISHT SURFACE 



I / UWEQiJAL BRUSH WEftR 



'CI FlEXrBLE BURNT OUT OR DISCOLOURED 



E / COMMUT ATOR- SLIP RING -TOO HOT 

[D '2 

C /green PIN SPARKS 



SYMPTOMS 



AROUND COMMUTATOR 



fSFARXINGAT THE LEAVIHG EDGE 



PROBABLE CAUSE OF TROUBLE 



"int"(7pofc'"¥ifiicl tQo strong" 



hterpole field too weak 



InterpoLe giraap too smcir" 



Inl&rpgje air gap too large 



Air gaps ungvep < bearings worn ) 



Overload of FnacMne 



VlbralJor from gxternat causes jj. prime movar ntar b y iot^hatr 
Vibfg^iort ftQm inlernol causes icout of balarcg poor alignmenl ttc 

Quasi alfcctrolytic wear of slip (1^^ 

OJi and dirt on commutqto* of sttp ring 



□ ..syiius D Q ms\ Q m m m b\ b 



Resistance bgtwce". brushes ani brush arnns no t unifoTir 
Grains of abrasive tr the brush contact face 



Faults in armctufg blinding oragvaliser connections 
MicQ proud 




j_ Wftgkefi inttrpoie falds bydirert or by increasing gap 



Commutator Eoosg ■ 

Ftat^ on ccmmutator or slip rTrig" 



Slrfenpthgrt int^rpole fields by reducing ait gai 



Renfew bearings and realrgn rnacKin e 
Reduce ^lr^d limit load on machine 



Reverse the polarity of rings ptfiodicaUy 



Clear cammula tor of sHp ring 



Clean and iightanltie cornftclions. 



Sebed ^jnd clggfi the brush face " 



|Rccc5S FnicQ or ms^ more Qbrgsiva brush 



Spring pressufg too law 
Spfing pressure too high 



Brush arc of contact cxcesslvt 



Brijsh arc of contact insufneien^T" 



Brush fjgxibte connection fguiity" 



Brush fttxiblt loo shurt or too stiff 



Im p effect brush b adding 



Radial brusTi h&lders mounttd gt small reaction angtt 
Reaction lyoe holder mounted tratliT^g 



Bjush sUcking or sluggish in bfush hoidc~ 



Brushes too loose ]n brush holder i h&lders worn) 
Tefmirial connections locsc at dirty 



Uiiequql brush hDt<Jer spticiftg a* obgiftrnefit 



Humidity o< atmosphere lo^l^l 



HumrdJty Of atmcjp hefe excessive 
Dusty QtnioVphere^ 



Qas or ocfd fumes irk atmospttere 



LQng periofjs at low Or steady loads 




INSUFFICIENT V.OLrAGE.OM SELF EXCITIN G MACHl>iE 

REMEDY 



gap 

Enlarge grrggp to decrease effective interpole f Ium 



Reduce air ggp jg ircrcasc effective interpole flux 



Locate and fcrnove cQuse Of vibrgtiOnor mount rmachine frn shock 



~| absorbers 



Locate and cure fault or consult monufcclurer 



[Tuirn &r regrind preferably gt near rgled speed 



Adjusl sprinQ presstrfe iQ Ihgl recommcrded for brush gfa(]e 



Select oneofihft alternative gradesorci>nsu1t brush manuFocturer 



24 Reduce the effB=t]velhtef<ne5s of thrush or consult machine mff, 
25_ Apptyacifcumfgrentfal stagger, consLik machine fnanufp.ctufer' 



rFjtariew brush withnsotjid flexible of Iconnectian" 
mse brushes v>fith "fteniibie of corfect tenglh A flexibility 



] Adjust holders Log rgd.posiiion.correct distance from commjtntor! 
Iteverse hold ers oi direction of VotatTofi \ see No.3i 



[Check brush size c&rFtelnessrClBon biushes and holders 



[Replace viforn holders and usebrush of correct dirriefisions 
ICiegn terminals gnd terminal bLact: t|ghten straws 



Adjuit holder to 2mm from commulnlor 



Adjust holders to correct position 



Correct spacing and alignment of holders 



Hujnjdify tl^eeooting air or drawqtr f rom normalhurnidity source 
Enclose rTLachine Of drgw cooling gtrfr&Tr^ normaE hurrvidity source 



Remove cause if possible or instgll filter" 



A^rrgngeclean air c QoU'ng 
Change briish grade" 
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ANNEX C 
{Clause 10.2.6) 

CARBON BRUSH TRIAL REPORT 

DATASHEET 



Name of the Plant Name of Organization 

Machine No 

MACHINE DETAILS . Motor/Generator 

Make Type 

kW. V A rpm 

( Unless otherwise stated all dimensions in millimetres, ) 

SI No. Particulars Original Brushes Trial Brushes 

(1) (2) (3) (4) 

1. Brush class/type 

2. Carbon grade 

3. Brush manufacturer 

4. No. of machines on trial 

5. Date — New brushes fitted 

6. Brush position : 

a) Holder No. ( Top No. 1 Proceed clockwise ) 

b) Brush No. (Commencing from commutator edge to riser ) 

7. Brush dimension after bedding (t^a^r) — Measure with a 
miaometer ( chedc if dimensions are within specified tolerances ) 

8. Brush dimensions ( / x o x /• ) as specified by the machine 
manufacturer ( Also indicate tolerances ) 

9. Commutator diameter after stoning/skimming/turning at the 
time of fitting new brushes 

10. Commutator ovality at the time of fitting new brushes 

1 1. Depth of undercut 

12. Condition of chamfer 

13. Piglail to carbonjointresistanceat the time offitting new brushes 
Indicate method/equipment used for measurement 

14. Brush holder to commutator surface clearance 

15. Spring pressure da N ( kg ) at the time of fittiiig new brushes 

16. Kilometerage at the time of fitting ( for traction M/cs ) 

17. Hours run ( for other machines ) 
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ANNEX D 
(Clause 10.3.6) 

CARBON BRUSH TRIM. REPORT 

TRIAL OBSERVATION SHEET 

Date of observation 

( Unless otherwise stated all dimensions in millimetres. ) 

SI No. Particulars Original Brushes Trial Brushes 

(1) (2) (3) (4) 

1. Number ofmachines on trial 

2. Observe and record 

Commutation grade ( refer 22.1 and Annex B of IS 4722 ) 

3. Kilometerage for traction machines, hours run for other machines 

4. Kilometres run during this period ( for traction machines ) 

5. Brush position : 

a) Holder No. b) Brush No. 

6. Spring pressures da N ( kg ) 

7. Condition of brushes at time of observation ( Indicate presence 
of chipping, cracks, fraying of pigtails, etc, if any ) 

8. Pigtail to carbon joint resistance end of trial 

9. Height of brushes 

10. Brush wear 

1 1. Brush wear/10 000 km or/IOO h run 

12. Commutator diameter at end of trial 

13. Commutator ovality at end of trial 

14. Condition of commutator at time of observation ( Indicate condition 
on the basis of 'Commutator check chart' ) ( see Annex B ) 

15. Were any flash over or abnormal sparks observed during this period 

16. If trials are abandoned indicate reasons 

17. Other observations, if any 

18. Remarks on the overall performance 

19. On the basis of this trial, do you recommend acceptance of the 
grade under trial in place of the originally recommended grade 

After observations, brushes should be put back in the same location and position as they were earlier. Care 
should be taken that the brush is not rotated through 180° when restored to its brush box. 
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